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Authorized \for Navy Use (ANU) status to depths of 25 FSW and time limits

b specified by figure 19 of this report or as specified in table 13-2 of
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ABSTRACT

The modified Draeger LAR V closed-circuit oxygen rebreather was evalu-
ated by the Navy Experimental Diving Unit to determine {ta suitability for
U.S., Navy usec. Previous evaluvation of the German-made scuba in i¢s standard
configuratfon found the LAR V technically satinfactory with adequate relia-
bility and mainta’nability characteriatics; however, the clockwise oxyga
flow in the breathing loop is the reverse of all U.S. Navy scuba equipment.
The manufacturer modified 10 units for further NEDU testing. Unmanned €O,
canister duration tests resulted in canister breaakthrough after 48 minutes
in cold (39°F [4°C]) water and 3 houra 15 minutes in warm (79°F [21°C]) water.
LAR V breathing resistance values at light¢, moderate, haavy and extreme diver
work rates were acceptable,

In view of the short unmanned canister durations erxverienced in cold
water, a series of 24 marned dives was carried out in the OSF wet pol at
25 FSW in 70°F (21°C) and %0°F (4°C) water. Canister outlet carbon dioxide
levels, breathing resistance, and oxygen consumptions were measured. Mean
caniste: duration was 226 * 23 minutes and 124 * S minutes in 70°F (21°C) and
40°F (4°C) water rempectively. Rreathing resjstance was acceptable at all
work levels, and no other design limitations were encountered. Differences
in unmanned versus manned canister durations in cold wacer may be partly
attributable to slightly higher carbon dioxide injection cates during uamanned
testing.

Based upon manned studies at 25 FSW, the VAR V is rerommended for
Authorized for Navy Use (ANU) status to depthe of 25 FS¥ and time limits
specified by figure 19 or as specificd by table 13-2 of the U,S. Navy Diving
Manual.
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ANU

ata

BPM

Canister Breakthrough

FSW
FPM
H.P. Souasorb

kg.m/1

kp/cm?
LTV
LPM

NEDU

QOSF
AP
ppCO,
pPO;

psig

GLOSSARY

Authorized for Navv Use
Atmosphere absolute

breaths per mirute

R - I P T e T

B A

point ar which CO» concentration in the breath-

ing gas reached 0.5 percent surface equivalent .

temperature in degrees Centigrade
cerlimeters of water pressure (ditferen-ial)
carbon dioxide gas

tomperature {n degrees Fahrenheit

feet of seawater

feet per minute

high-performance Sodasordb

breathing work in kilogram meters per liter
ventilation

pressure, in kilopound per square centimeters

liters tidal volume
liters per minute (flow rate)

Navy Experimental Diving Unit, Panama City,
Florida

oxygen
Ocean Simulation Facility

pressure differential (cm Ho()
partial pressure of carbon dicxide
partial pressure of cxygen

pounds per squars inch gauge

respiratory miautc volume in liters per minute
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(Continued)

S.E. surfuce equivalent volume

SLPM standard liters per minute

YT Y

tidal volume volume of air breathed in and out of the lungs ' é
during ncrmal respiration ;

UBA underwater breathing apparatus
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PART I: UNMANNED TESTING

INTRODUCTION

In November 1978, the Navy Experimeatal Diving Unit tested the medified
Draeger LAR V closed-circuit pure oxygen scuba manufactured by Draegerwerk,
Lubeck, 24 Ludbeck, P. O. Box 1139, Moislinger Allee 53/54, Federal Republic
of Germany. Previous NEDU evaluation (reference 1) of the standard LAR V
found the scuba equal or superior to the 11,S. Navy Emerson scuba with respect

to its technical characteristics, training and operational use, raeliability

and maintainability, However, NEDU requested that Drszeger modify the scuba

to intexface more affectively with U.S. Navy equipment, as the standard LAR V
breathing loop 0, flow is clockwise in contrast to the counterclockwise breath-
ing loop flow in U.S. Navy equipment.

Unmanned testing of the modified units measured breathing resistance g
and CO; absorbent canister breakthrough duration at standard U.S. Navy
operating depths for pure oaygen scuba.
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YQUIPMENT DLSCRIPTION
The Draeger LAR V {s a cloaad circuit, pure oxygen scuba providing

oxygen through a demand valve or manual bypass valve. A CQ; absorbent

B el ot S

canister (approximately capsrcity equivaleant to 5.95 pounds Baralyme or
5.56 pounds 3odasorb) removes CO; from the breathing syatem.
fil'y charged with gas and CO; absorbent, the LAR V weighs approxi-
: mat=ly 25.% pounds; fully charged and in carrying case, the unit (figure 1)
: weighs approximately 37 pounds. The LAR V 1is 16.9 inches long, 1i.8 inches
' wide, and 6.7 inches thick. A belt buckle harness securing the unit to the

diver's chest cen be rigged for quick disconnect.
Major LAR V coaponents are the equipment case, pasumatic assembdly, CO;
scrukber ascembly, and breathing system. (For datailed equipment descrip-

tions, see section 1 of NEDU Raport 11-75 [reference 1}.)

TUNCTIONAL DESCRIPTION
The functional description of the Draeger LAR V 1is illustrated in fig-

; ure 2. From the oxygen cylinder (1), high-pressure oxygen paases through the

[}

viinder on/ . ff valve (2) to the preasure reducing regulator (3) where

the high-pressure gas is reduced to 7,
: a working preasure of 66-psiy over- 8
; bottom setting, then piped to the \\\\\\
f demand regulator (4) which is ad- N
justable from 10 to 30 c¢m H0. High- \\\\

pressure gas is also piped to the C
to 300 kp/cm? (0 to 4410 psig) pres-

sure gauge located on top of equip-

W=/ =

went case housing. The demand regu-

e

lator, secured to the equipament case
. housing and fitted to the breathing :

bag (5), functiuns each time the bag 1\\\ k:

is emptied on inhalation. On inhala- =

tion, the inhalation check valve (6)

openy and the diver receives gas fron

the breathing bag. If not enough gas
is avatiialtile, the demand valve actu- Figure 2. Functional Schewatic

ates, adding more oxygen to the system.
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As the diver exhales, the exhalation check valve (7) opens, the inhalation
check valve closes and the er'.aled gas flows through the exhalation hose (8)
to the CO, scrubber; it is t.e . filtered through the CO, scrubber (9) with
the next inhalation. During descent, or to purge the unit, the diver merely

depresses the demand bypass valve in the front center of the case housing.
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TEST PROCEDURE

TEST PLAN
Figure 3 1illustrates test equipment setup. Unmanned LAR V testing 1

met applicadle military spacificationa., Appendix A provides the complete
test plan. A breathing machine simulated inhalation and exhalation at
various depths and diver work rates. Teat equipment shown in figure 3 is
listed in Appendix B,

: CONTROLLED PARAMETERS
f A. The following parameters were controlled for breathing resistance
; g tests.
L 1. Breathing rate/tidal volume
a. 15 BPM/1.5 liters 22,5 RMV
; b. 20 BPM/2.0 liters 40.0 RMV
Lo c. 25 BPM/2.5 liters 62.5 RMV
] d. 30 BPM/2.5 liters 75.0 RMV
] e. 30 BPM/3.0 litars 90.0 RMV
\ 2, Exhalation/inhelation time ratio: 1.00/1.00 ?
3. Breathing waveform: sinusoid §
4, Breathing gas: nitrogen i

Incremental descaent stops: 0, 10, 25 and 40 FSW (breathing 5
resiatance teats only)
The €0, breakthrough teat was conducted at both 70°F (21°C) and
39.2°F (4°C) at 25 FSW using H.P. Sodasorb.
B. Controlled parameters during canister durstion tests were as follows:
_ 1. CO; add rate:
; a., 0.9 LPM at 23,0 RMV /2,0 LTV x 11.5 BPM)
. b. 2.0 LPM at 50.0 RMV (2,0 LTV x 25 BPM)
{5) NOTE: The CO; add rate and RHV are alternated at 4 and 6 minute
1 intervals to simulate reat and moderate work rates (50 watts)
performed on a bicycle argometer by divers during manned
equipment evaluations.
2. Relative humidicy of exhaled ygas: 95 percent
3. Exheled gaes temperature: 90°F (32°C) in 70°F (21°C) water
8G°F (30°C) in 39.2°F (4°C) water
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MEASURED PARAMETERS
1. Inhalation peak AF (cm H;0)
2. 3Zxhalation peak AP (cm H,0)

3. AP va. tidal volume loop

4, Presaiure drop across backpack (cm Hp0)

5. CO, level out of acrubber in pez.e it S.E. (canister duration tests
only)

6. Exhaled gss relative humidity (canister duration tests only)

7. Exhaled gas temperature in °F (canister duration tests only)

PR e - BT RSV

COMPUTED PAPAMETERS
Respiratory work (kg.m/1) is computed from AP vs. tidal volume plots
(breathing resistance tests only).

DATA PLOTTED
A. The following data were for breathing resistance tests.

1. Inhalation maximum AP vs. depth

2. Exhalation maximum AP va. depth §

i
1, Respiratory work va. denth at constant RMV and supply presasure ;
4, Maximum AP across canister vs. time )

anlster duration test data plotted included:

. Inhalation maximum AP vs, time

B e et e o i el

C
1. €O, out of scrubber vs. time
2
3

. Exhalation maximum AP vg. time ;
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RESULTS AND DISCUSSION

BRFATHING RESISTANCE TEST RESULTS

General

Breathiug resistince was measured at five RMV's (o simuiate iight

through extreme diver work rates. Light work was meazured at 22.5 RMv,

T Y TGRS T T T T

moderate work at 40 RMV, moderately heavy work at 62,5 RMV, heavy work at

j 75 RMV and extreme work at 90 RMV. These tests were performed to indicate
the full range of LAR V performance,

E Breathing resistances plotted are maximun values measured during one
complete inhalution/exhalation cycle at a given depth and RMV.
Figures 4 through 8 plot data from LAR V bLreathing resistance tests.

Inhalation Characteristics

Inhalation resistance remained very low at 22.5 RMV (figure 4) regard-
less of depth and did not exceed 3.5 cm H;0. At 40 RMV (figure 5), resist-
ance only reached 6 cm Hy0 at a depth of 40 FSW. The moderately heavy work
rate of 62,5 RMV produced a slight increase at 25 FSW, reaching 11.5 cm H;0

T T P P T IRRTTR AN LA e

at 40 FSW (figure 6). Heavy work simulated with 75 RMV (figure 7) showel
virtually no increase in inhalation resistance. At 90 RMV (figure 8) in-
1 halation resistance peaked at 16,5 cm H,0 at a depth of 40 FSW.

Exhalation Characteristics

Exhalation resistance remained relatively low at all depths at 22.5 and

E; 40 RMV, At 62,5 RMV resistance increased gradually to 19 cm H,0 at 40 FSW.

i Heavy work (75 RMV) produced 25.5 em H»0 of exhalation resistance at the

3 53 S e Ml £ i g s Pe g d b
Lardy vy e S ne T o b gt

- LAR V depth limit. Maximum exhalation resistance of 29 cm H;0 was encoun-
tered at 90 RMV at 40 FSW.

Breathing Work

The specifications governing testing of open circuit breathing apparetus

ETII - VRr Tt L i)

cite peak inhalation and peak exhalation pressures as the standard for evalu- )

4.3

PR TPt

ation (reference 2). However, measurements of a diver's external respiration
work in operating his breathing apparatus yield more useful data for evalu-

ating closed circuit UBA performance (reference 3). (Breathing work is defined




I, RTINS L S T e L e e e

o oA e e e

A 6°72
I831 A ¥V 128wig 9 2an8y4

Hid30 SNSY3A IDNVLISISIY ONIHIVINS

TTTATRRTE T e e

0%H 40 WY NI NOILYIVHNI

- T
ob o5 o <z &
WS4 NI H1d20 e o
||\|.|\‘l

?\l‘\\‘“ - T

-+ O

TOwTTYWTY

|
W
O%H 40 WO NI NOILVIVHX3

1 19
4.
1 4s2
1
i dloc

O —— S AT I U G0 o A T W SR gpes = .




v e rg———

e oo

MS4 Nl Hla2Q

AW¥ 0°0%
3891 A dV1 198eeaq g 2inldyy
HLd3Q SNSY3A IDNVLSISIH ONIKHLIVIYE
.ﬁOm-
+s2-
+02-
i
40l
(=3 O,

— s

+0¢

02H $0 WD NI NOILLVIIVHNI

O%H 40 WY Ni NOILYIVHX3

10

i
i S i o e A ARG e e e

fed ISy

)
PTG TR T e Al

—




Fﬁb}\&m

ﬂ i T— T —T——— T —

Ad 6779
1891 A ¥V 1939eig

-9 21n3y4

Hid3Q SNSH3IA IONVLISISIY ONIHIVIuEG

T°°
+52- z
>
r
102- =
o
<
-t Gl m
o (o]
3
~——O AAUOT o
-
/ X
N
B T o

(8] 4 ce ce o1 =
MS3 NI H1d2Q it
m
>
.A..o_ >
4
(@]
5! z
z
O
- e <02 3
N

o
-
+s2 T
o

L_lOﬁ

b IR 85T LT I Frrrk (e bl 5 i
B P ?..;\,‘rﬂ...!V..._...“”‘,.;-.;x}n.n;a%vi\ .
o K e 2 e A Al e ik . — o i ifioh 73,

St

NIRRT, T N



TR RSN P I SR s R e i,

AR 0°S¢L
3591 A dv1 198seag -y @andyg

H1d3Q SNSY3A IONVISIG3Y ONIHLlv3Ha

g,

N
E]
1
¥
\

+0¢-
Lz

- oz-

-t m—l

0%H 40 WD NI NOILVIVHNI

OCH 40 W) NI NOILY 1V HX3

12

i
i
1
i

i b st N




gﬁg e N ]
M
AWl 0°06
¥ 1801 A ¥V 1982wag 3 ~anlyg
g HLd30 SNSHY3IA FONVLISISIH ONIHIY3NSG
~+0¢-
Y T
l.lON|
/ +S
.llln/l’ 1o
—— -0l
I
4-5-
o . g oz bl
: w MSd NI H1d34 ; :
o
b -+G
o
oot
by _»oz
s
452
;
o —— +0¢

PO IN BRSPS 53 v

OCH 40 WO NI NOILYIWHNI

O%H 40 W3 NI NOILYTVHX3

13

o mtasa o




hacandh e St O
S— T T T P T T e T T e T T T T T Y —‘1
T YT T

a8 the area enclosed by a typical precsure-volume loop generared during one

complete breathing cycle as illustrated in figure 9.)

Although the LAR V demand requlatur permits adjustments to regulator
cracking pressure from 10 to 30 cm H;0, the highest setting was maintained
throughout the test. As a result, the breathing work plorted in figure 18
is an accurate reflection of light and moderate work (22.5 and 40 RMV) since
the breathing bag was never fullv deflated on intlation at these RMV's,
Breathing work of the LAR V increa- s significantly at the higher RMV's;
however, adjustment of the demand regulator to compensate for heavier work

should cause a slight reduction in these values.

CANISTER DIFFERENTIAL PRESSURE
Canister differential pressures at the various RMV and incrementa.
descent satops are plotted in figures 11 through 15. At 22.5 RMV and at a

depth of 40 FSW, total exhalation resistance measured 6.0 cm Hy0; canister

AP at this RMV and depth constitures 66 percent (4.0 cm Hy;0) of the exhalation
resistance (figure 10), At 49.0 through 90.0 RMV, regardless of depth, the

¥

ot .51

canister produced an average of 40 percent of the total exhalation resistance

measured.

yor 2F »m.‘.'.ﬂ‘w’

COo9 CANISTER DURATION

wrad

The LAR V absorbent canister {s a horizontally mounted, oval-shaped
canister with a straight-through flow pattern. No baffles are present In the
absorbent bed. Canister durations of 1 hour 15 minutes and 3 hours 47 min-
utes to 1.0" €O, S,E. value in 39°F (4°C) and 70°F (21°C) water, respectively,

were within the range normally expected from an unheated canister holding

RPN Y v e -

5.5 pounds of absorbent. Upon completion of each test, the canister bed was
examined. Using the color indicating absorbent granules as a guide, complete §
and uniform bed usage was observed from the 70°F (21°C) water temperature test, :

The 39°F (4°C) water temperature test showed incomplete but uniform bed usage

as would be expected under those conditions. Canister duration, plotted in

10-minute intervals for work und rest cycles, is shown in figure 16,

14

B st St a7 Lﬂmnwmn..u.‘_‘m U SV RPN E PR I Ay | .




. e aa e e mhe

a0 ® 1% AWE G/ 1® poieaauas dool JuWNToA-2aN8B3Id 6 anB14

msd ot 30 U3
- b e T T y oos 95 4 -»:::% ------ pprpppr e -
T oA T A R e R TR TR TR
e
Lot 1 2 RO DS 4 ~|>hh>u-FhE:Erl-nnnn~n~ IIl s 9e0sRREDS Lil
=3 2oess 3
fatturnd ) amustee i » 4 T < T p 3T p o 4 o >e | “
| spoovoan 0 B 4 * I s o8 >4 pa » [
| oo ¢ T I . T $ Ay =+
== 7 5332 : s
= g o 22 : : 3, B : A pE——T Py | 3
:
- e s s T . o
+ e >4 - - n_ - o
S5 E
3 T 4 E2:
:
: %, peash 22t s =]
b4 = >4 s - v4
X L - ;e 1 po-
o : : : Pt
5 : : .
T :

.
» : = Shdah £ SIL §°2 —:INMOA TVaLL
:

.
.

ot

A BY7 ¥393VHQ — :LAi3NdIND3

I R

-
e OPEDOE FOPDS pary 1 -
3
m
a
]
5 m
—
Xl
4
P
l
Fl
-
F
3
22 . 34NSS 3ud W G3B0TN2 vy e et === =
et 293 1321 aus s o) s Spmsotinss : 4
s Seee et sesesaasos Latazvoat ..Huws.nuuutn.nwnohun.lﬂ:nnnwuwuuﬁr.\...11“:1..:H..n soes
e Sostessaseoen e Brpe coose Srast saare e ST SEeT seostoeets sqaal seses ararooses L T T e T
== : : eI [ STSes soessossss roveny uuunx.u...t!ﬁumnittc 4
pee s - oaa s ‘hn‘lb”ll
boded s b Sh S K
SeeT ey S A
¥
e !
= £
5
MA-
= >
-2 .
= = ]
pe-———— - -~ .“
e L cRIEE
spmmnp ETEREEI e
P pessTe




——p——— T g‘lh\ﬁ.; 7&.;@&. R B I ARt L A L

1894 A V] 398avaq ([ »an¥1g

HLd3Q SNSN3IA YNOM SMHIYINE
ME4 NI Hid30
or ) I {
eded - -4. 4 4 hﬁ ﬂ—N O( ﬂ ° L 1 ] u%b. A »o

d 4 i L dad e, \— s b, b Al aal

A G722 o "

IAY UOY e— > :
— — 020 -
AY 5729 o Y " ,A
- nN

T

LI |
0
' QP 2o~ ¥

. [ ol o T -
Avid C5¢ L . m <
O - - ”
ey ‘
>:Q - Lm o - nm m -
= x
— ovo 9
L £
~
- s. r~ E
- 1
— 050 ~
| o 1




ANE $°TT
1891 A gv1 1e8euag 11 9andya

,_, \
] _
- ) |
i
¥
¥
|
j
i
H

Hid3Q SNSH3A d T Y3LSINVD

s m— g

L o4
-
-
e
—
e
-
-l
L 3
-
b o
-
-
E
-
. o
o

oy 0% oz
MSd NI HId3Q |+ _

Jo

L, o
L
L
-
g
poos.

-
b o
-l

17

Q

-, T T Eeym— -3
o Y SRR ST Sy 5 = e
1
v
~

o 19 W9 NI NOLLVIVHX3

+Gi

L2

FREE e - L S
Rl L L
L




N Sl R e

e L) b SRCTOE A

Ad 0°0Y%
1891 A ¥V 198eseaq g1 2andyd

Hid30 SNSH3A d V YU3LSINYD

0

14
G4 NI HLd3A ettt . o o L I o S B 7

18

<
¥
OPH 10 WD NI NOLLY IVHX3

[T NE SN S JF- YIS0 7N SN 1 ORI I S PR v ot o

> el s b, i i




¢
{
®

R

M3d NI H1d3G

C e i

A S 79
IC3L A ¥Vl 1389vig ¢y andy4

Hid30 SNSY3A 4 7 Y3USINYD

O'H 40 WD NI NOILLYIVHX3

19




1
b AWd 0°6L
m 4891 A ¥V 1989eig ‘4T 2an8yy
[
;
H1d33 SNSY3A d V H3LSINYD
TN, UK 9 -
MS4 NI H1d3Q o
| S
M =2 ﬂ
; x
| :
< >
; = —
w =] :
+9 m i
Z i
(o} ;
8 3 g
\ w
el
P \ +0! .ﬁ“ "
L,




e P e

i

¢

; B 0°06

’ ! I83L A ¥V 1989mag ¢ sanSyy

W i

=

b

bo;

ot

a >

W H1d30 SNSY3A I 7 YIALSINVD

& 3

& H

| |

L ']

g or § of { ot o p -3

L MSd NI H1d20 [ o i

¥ o M

§ N

b rN [

¥ ) B

i 1 M
+ b

R TR WRURPR

O°H 4% WD NI NOLLYIVMX3

\

v g e
o ...;;.n.w...*nn;a.l PRI

21




——-

e e

S S T TR TR T e

P BT T

00k

e

MS3 67
3sa] uotieang/ydnoayiyesig ze3syue)d Cn) A ¥yl 108araq

(SBLANIN) IMiL

oy e OMN o o o OB O 08

o o
e TP TS e N

*gY aind1yg

9 LaN
dR3L 0L

® NWOX

T iSN
dNIL ol 'R

2 HNOM

- 02

e §2°

22

T I

i




RO AT T L

T T TR T T TR T v < vy e

TEAAES | ORI A A ML ) € TR VR e 1 S gy e e . R . e S e e s e a g R ST

; CONCLUSIONS AND RECOMMENDATIONS

BREATIIING RESISTANCE !
Peak inhalation and exhalation resistances were satisfactory at all ‘
depths and RMV's tested. However, exhalation pressures reached levels
; normally encountered only at much greater depths when tested at 75 and
90 RMV. Since maximum working depth for the rig is only 40 FSW this pre-
* eents no real problem for the diver, but it 1is an indication that the
bre~thing loop is marginally designed and can be improved significantly.

. No further testing is recommended in this area for ANU.

RESPIRATORY WORK

Breathing work was not exceasive at any depth or RMV tested. In fact,
work levels remained almost constant at each RMV regardless of depth. Again,
while breathing work was satisfactory, the levels reached at the higher RMV

were greater than normally expected at such shallow operating depths and

suggest titai considerable improvements can be made in the design of the

br:athing ioop.

The canisater pressure drop produced 66 percent of the total exhalation
resistance when light work was simulated at 40 FSW. At all other work rates
(40.0 through 90.0 RMV) the amount of exhalation resistance attributable to
the CO, scrubber canister averaged 40 percent regardiess of depth. No modi- .

fications tc the canister are recommended for ANU. ;

CO; SCRUBBER BREAKTHROUGH/DURATION TEST
. In warm water (70°F [21°C]) at a depth of 25 FSW the scrubber of the
LAR V reached a 0.5% CO; surface equivalent after 3 hours 16 minutes anc
1.02 CO, S.E. after 3 hours 47 minutes. In cold water (39°F [4°C])) 0.5% CO,
S.E. occurred after 48 minutes; canister breakthrough at 1.0% CO, S.E. took

place after 1 hour 15 minutes.

Since the LAR V will be normally operating in water less than 70°F (21°C),
it is recommended that manned canister duration tests be conducted in cold
water to further verify the short canister durations meaaured during un-

manned tests.
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APPENDIX A

1. Test plan for breathing resistance tests
a. (1) 1Insure that LAR V is set to factory spacifications
and is working properly.
(2) Chamber is on surface.
(3) Calibrate transducers.
(4) Open 0, supply valve to test UBA.
(5) Adjust breathing machine to 1.5 liter tidal volume and
15 BPM and take readings.
(6) Adjust breathing machine to 2.0 liter tidal volume and
20 BPM and take readings.
(7) Adjuat breathing machine to 2.5 liter tidal volume and
25 BPM and take readings.
(8) Adjust breathing machine to 2.5 liter tidal volume and
30 BPM and take readings.
(9) Adjust breathing machine to 3.0 liter tidal volume and
30 BPM and take readings.
(10) Stop breathing machine:
b. (i) Fressurize chamber to i0 FSW.
(2) Repeat steps 1l.a(5) through 1.a(10).
¢, (1) Pressurize chamber to 25 FSW.
(2) Repeat steps l.a(5) through 1.a(10),
d. (i) Pressurize chamber to 40 FSW,
(2) Repeat steps 1l.a(5) through 1l.2(10).
e. (1) Bring chamber to surface.

(2) Check calibration on transducers.

2. Test plan for CO; canister duration tests.
a. (1) Insure that LAR V is set to factory specifications and
is working properly using Baralyme.
(2) Chamber is on aurface.
(3) Calibrate trunaducers and mass spactromstaer.

(4) Open 0 supply valve to test UBA.
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(5)
(6)
(7
(8)
1.0% S.E. CO, is

€))

Water temperature to be approximately 70°F (21°C).
Start humidity add system.

Compress chamber to 25 FSW at 75 FPM,

Start CO; add and maintain following procedure until

rveached:

(a) 4 minutes at 0.9 LPM CO, add/2.0 liter tidal
volume and 11.5 BPM

(b) 6 minutes at 2,0 LPM CO, add/2.0 liter tidal
volume and 25 BPM

Take data every 15 minutes to breakthrough

b. Repeat step 2.a at water temperature of 40°F (4°C).

26
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APPENDIX B

Test equipment used:

(1) Breathing meachine/CO; add system/Bubble chamber (Relative
hunidity and axhaled gas control system)

(2) Validyne pressure transducer w/1.00 paid diaphragm (oral
pressure and canister AP) (2 ea)

(3) Validyns CD-19 transducer raadout (2 ea)

(4) 1Ice for wet test box during cold water canister duration tests

(5) X-Y plotter

(6) Wer test box

oo

(7) Mass spectrometer for analyzing CO; out of scrubber ;
(8) NEDU OSF chamber complex

(9) External nitrogen supply for Draeger LAR V UBA :
(10) Mixing box for sampling CO;

(11) Chamber depth gauge

(12) Test UBA: Modified Draeger LAR V

(13) Breathing machine piston position transducer

P
e ARRVrRr Y

PRt

-~ .
Sy

(14) Relative humidity sensor and readout

(R

(153 Strip chart recorder

(16) Exhaled Gas Resistance Heaters

C e ag
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PART II: MANNED TESTiNG

Eﬁ

t INTRODUCTION
r At the completior of unmanned testing of the modified Draeger LAR V

E closed-circuit oxygen rebreather by NEDU, 48 minute canister durations in

X cold water precluded ANU status without fuither investigation. The role of
‘ CO; in the exacerbation of central nervous system oxygen toxicity is well |
! known (4), and any closed-circuit oxygen vrebreather should efficiently

i remove CO; for periods of time at least equal to the oxygen diving limits

in the U.S. Navy Diving Manual (table 13-1 and figure 13-2, 1973).

A series of twenty-four manned oxygen dives were therefore undertaken
1 in 70°F (21°C) and 40°F (4°C) water to determine the life expectancy of
t LAR V carbon dioxide absorbent canisters and to evaluate other aspects of rig

performance under conditions of sustained, heavy work at 25 FSW,

Modifications to the standard Draeger LAK V for manned testing were the

same 28 tor unmanned testing, consisting onrly of reversal of the breathing

’ . e gy
Ll ar e g ol AT

loop to correspond to the counterclockwise gas flow of satandard U.S. Navy . .
E equipment. A detailed equipment description of the modified LAR V and a G

discussion of the functional aspects of this closed-circuit oxygen rebreather
system can be found in Part I of this report.

TEST FROCEDURE

Six U.S. Navy UDT/SFAL divers, ages 23-30, served as subjecta. Eacl R

subject had passed a standard USN oxygen tolerance test prior to beginning )

* diving training, and was experienced in the use of closed-circuit oxygen

rebreathing apparatus. The divers were well conditioned, and prior to the N

experimental series were capable of running eight km per day and pedalling '

200 warts for 10 minutes on a pedal ergometer. Standard oxygen consumption

and carbon dioxlide production data were obtained frnm each diver in the dry
laboratory on air ar 1 ata prior to the dives.
All oxygen exposurcs were performed in the wet pot of the OSF compressed v

to a simulated depth of 22 FSW. The divers exercised on a speclally modified,

28




2 g ke i T T eI SR T T SOy T ey —Froe e - R TS
aad o 8 B e e i Al T U U B N - . o e g

electrically braked pedal ergometer (5) mounted on a horizcntal frame placed
three feet underwater. The depth at the diver's thorax was 25 FSW for all
studies. Each diver wore a LAR V closed-circuit oxygen rebreather (Draeger-
werk AG) containing approximately 4.3 kg of H,P. Sodasorb (W. R. Grace Co.)
as the CO, absorbent. The diving apparstus was carefully purged at the
start of the experiment tc obtain an oxygen concentration in excess of
95 percent. Continuous oxygen and inert gas sampling from the rig during
the experiment quickly increased oxygen concentrations to 99 percent.

1he experiment was divided into two parts; the firat part consisted of
C0O, absorbent canister duration studies, and the second part was graded
exercise studies. During the canieter duration studies, subjects pedalled
the ergometer at 50 watts for six minutes and rested for four minutes. This
co, reached 7.6 rmHg (1.0% S.E.), or for

a maximum of five hours. Graded exercise consisted of eight 10-minute cycles

sequence continued until inspired P

3 beginning with one cycle of 10 minutes of reet, followed by seven cycles of

‘ six minutes of work and four minutes of rest. The work ratea were 25, SO, :

E 75, 75, 100, 125 and 150 watts respectively. All measurements were taken .
during the final three minutes of each exercise period. Both graded exercise

and canister duration studies were performed in 70°F (21°C) water with each

diver wearing a full 1/4-in<h neoprene wet suit, and then repeated in 40°F

(4°C) water with each diver wearing a variable volume dry suit (Bailey suit).

Divers were briefed regarding signs and symptoms of oxygen toxicity, and all

subjects were accompanied by an air breathing standby diver at all times.

Gas samples from the canister outlet and mouthplece w:re conti. aously

monitored for P, and PC with a Mass Spectrometer (Chemetron Medspect 2).

0z 02
A small diameter gas sample line minimized gas sample mixing and allowed good
frequency response, thereby permitting interpretation of end tidal P002 values

(8). 1n addition, heart rate and rectal temperature were monitored, and dif-
ferential pressures between the mouth and ambient hydroatatic pressure at

mouth level were measured with a 5 psi variable reluctance pressure trans-

ducer (Validyne DP-9). All parameters were recorded on an eight-channel

strip chart recorder. Mean oxygen consumption (VO;) was computed from oxygen

29
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supply bcttle pressure drocp measured with a 3000 psi variable reluctance
pressure transducer (Validyne, DP-15), the known volume of the supply bottle,

and suyitable corrections for gas sample rate and temperature.

RESULTS AND DISCUSS1ON
Table 1 summarizes the results of the warm and cold water canister

duration studies. Canister breakthrough was defined as the number of minutes
required for canister effluent CO; to reach 3.8 mmHg (0.5X S.E.). 1Iu 70°F
(21°C) water, mean canister breakthrough was 226 * 23 minutes. Diver No. 1
had a shorter oxygen exposure because his oxygen supply bottle was partially
depleted during the initial purge procedures. Diver No. 5 had his test ter-
minated at 178 minutes and an inspired PC02 of 3,0 mmHg (0.4X S.E.) because
of five seconds of ringing in his right ear. This resolved before he came
off oxygen, and his own impression was that the ringing was "normal' for him
but that he should report it. This was the only symptom consistent with
potential CNS oxygen toxicity noted during the eatire study.

Mean canister breakthroug ‘uring the 40°F (4°C) canister duration
studies was 124 * 9 minutes. O. wet pot temperature during Diver No. 2's

O
r

cold water dive was oniy 50 {10°C) and his canister duration was longer

than the other five cold water canicter duration studies. All divers were
subjectively cold during these exposures, and particularly complained of conld
extremities. Mean rectal temperature decreased 1,0 + 0,2°C during these six
exposures following an initial rise of about 0.2°C during the first few minutes
after immersion in the cold water. 1In spite of falling rectal temperature

and intermittent shivering, mean oxygen consumption, and therefore mean carbon
dioxide production during the cold water canister duration studies was not
sigrificantly higher than during the warm canister duration studies (table 1).
Mean oxygen consumption for all six cold water duration dives was 1.37 + 0.18 SLPN,
which indicates that the amount of CO; presented to the canister during manned
studies was less than the 1.56 SLPM mean CO; injection rate used during un-

manned testing. This may account for part of the large difference between

manned and unmanned cold water canister durations.

30
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Figure 17 graphs inspired P versus time for all subjects in warm and

cold canister durstion studies, Cgﬁe shape of these curves 18 typical for
CO, absorbent canister breaskthrough in closed or semi-closed UBA, and the
diminished life expectancy in cold water is characteristic (7).

Table 2 summarizes the results of the twelve graded exercise studies.
Mean oxygen exposure time was 85 * 4 minutes. The mass of CO, delivered i
the absorvent canister during the 80-minute graded exercise was approximatel,
' the same amount delivered to the canister during the first 120 minutes cf a
- canister duration, and accounts for the increased inspired PC02 ‘
l final work loads of the cold water graded exercise studies. The higher oxygen o g

during the

consumptions at the lower work loads in the cold graded exercises probably
reflect shivering, and also contribute to the CC; load delivered to the canister.
CO, "Blow-by" was not seen during graded exercise.

Figure 18 g - 1phs end tidal P
studies. End tidal PC

cn, Versus work rate for all graded exercise
2
0, leveil in the cold studies increased at high work

- loads in proportion to Lhe in~rease in inspired P Breathing resistance

COy°
did not exceed 22 *t 4 cm of water at high work rates and this was sufficiently

LY

e e -\Srﬁna‘&-m o des L

E; low to prevent an increase in end tidal P with heavy work (table 2). N

co, R

CONCLUSIONS AND RECOMMENDATIONS

B L on A

The func:ional performance of the modified Draeger LAR V during 24 oxygen : ’

| dives at 25 FSW was gatisfactory in both warm and cold water experiments,

-

I and as such the LAR V can be recommended for ANU natatus. The canister 4ura- : f

Rhahaien nt N

tion studies showed significant inter-subject variabilicy (table 1), and

for this reason, one standard deviation was subtracted from actual mean

canister duration to obtain proposed operational limits for the use of the

modified LAR V, ‘hese limits are graphed in figure 19. A linear fit was

l employed because it provided the widest safety margin. -
The maximum operational limit for the LAR V in 70°F or warmer water is : -

200 minutes. Interpolation from figure 19 for water temperatures between

40°F (4°C) and 70°F (21°C) is permitted as shown. However, extrapolation of ;
figuve 19 for water temperatures below 40°F (4°C) 18 not recommended since : i

no test data {8 available.

s AL e o i Lk i
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Operational Limits for Use of the

Figure 19,

Modified Draeger LAR V at 25 FSW
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While figure 19 defines the operational limits of the LAR V hardware
at 25 FSW, it does not define the established cxygen diving limits in the
U.S. Navy. These limits are presently determined by table 13-1 of the
U.S. Navy Diving Manual,
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